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WHAT

WHERE

WHEN

| ntroduction

| mpact of lightning nitric oxide (NO) emissions on
regional photochemistry

Lightning NO emissions are included in the Regional Acid
Deposition Model (RADM). The influence of this NO source on
regional photochemistry isinvestigated, and differencesin resultant
Oz concentrations are cal cul ated.

Eastern USA

Lightning NO emissions vary temporally & spatially (horizontal &
vertical), aswell asin source strength (emission intensity). U.S.
National Lightning Detection Network (NLDN) data and literature
values are used to estimate these emissions for the eastern USA.

July 19 - August 23, 1998
RADM simulations for 25 continuous days have been performed.



Model Formulation

The Regional Acid Deposition Model (RADM) is athree-dimensional
Eulerian grid model developed to simulate the formation and
deposition regional photochemical pollutants.

Model domain consisted of 35 x 38 horizontal grid cells (80 km
resolution) and 21 layers.

Anthropogenic and biogenic VOC and NOx emissions from 1988
constituted the base case. Lightning NO emission derived from the
National Lightning Detection Network (NLDN) were added to the
base case for sensitivity testing.

Meteorological data came from the Mesoscale Meteorological Model
Version 5 (MM5).



Lightning NO Emissions

Source: National Lightning Detection Network (NLDN)
July 19-August 13, 1988. Only cloud-to-ground (CG) flashes.
Detection efficiency assumed to be 70%.

GC flashes.

* Flash assigned to corresponding grid cell.

» Each CG flash produces 33 kg NO (Price et al., 1996).
* NO distributed from ~5000 m (layer 17) to the surface.

|C Flashes:

 Assumed 2.7 IC flashes per CG flash (Price and Rind, 1993).

» Each IC flash assumed to produce 1/10 as much NO as a CG flash.
 NOdistributed in likely cloud depth (model layers 17-19).




TRELE 1: HMODEL LAYERS and STRIKE LOCATTONS

L e e i R e e e e e e R e e e

Strike location layer
E e e ki
. kop
- 21
=== 20
(&
Iz, === 15
AL
! JECS --- 18
{ 4
ICh oGy i
P L
}n31 --- 16
JEE/S == 15
{ Y
fCE' --- 14
AT
EEG? “a- 13
AN == 1z
| S
I{EGH X ol |
/ {ch T
::::é"- = 5
ffﬂGI< --- a
"
|
hj;) --- 3
FAY, 1)
VOGY  --- 6
o
{CG; --- 4
Y
S - 3
: _>':r?=? SE
/@, - 1

gigma ~P(mb} -1 {m)
ittt whEkd wEEAd
0.0000 210G 18700
0.05%03 150 14400
0.1500 20 11300
02500 330 3000
0.3500 420 7200
0.4500 516 5700
08800 @00 4400
0.6500  /Zd 3350
0.7400 Tad 2300
0.BL00  &&0 150
0.8R2H 280 1260
O.8%7s =05 1040
0.9000 @25 Bin
0,9200 240 B&D
0.9375 =40 515
0.8R25 578 iag
0.83350 %85 ZB5
0.9950 250 200
0. 5825 1000 140
{.837% 1005 100
0. 5325 1007 [ 14]
{.857% 1012 20

1015 o

filach __ esurface 1.0000

CE M7
223

Q
0
0
a
0
0
Q
0
.
0
i
Q
0
Q

= S = R = |

000D
e
QGG
. OO0D
Jlegy
L1667
Jlae’y
.1333
L0
L0417
T
.D333
(333
L0250
LA
L0187
L3167
N
LGAd
Lo0Es
i

IC MF

oA A

o.oao
ooooo
0.333
0.333
0.333
0.0ao
coonn
G.ooo
cooan
o.oao
c.ooo
o.oao
. ooo
g.oao
G.oon
o.oao
0.0on
o.ono
]
0.0no
0000



Lightning flashes

base er
HLDN *1.43, corrected
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Figure 1: Example of hourly NLDN flash data for hour 20 of July
30, 1988,




Lightning NO Emissions
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Figure 4: Average NO emissions generated from lightning during
July 20 - Aug 6, 1988 period.
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Figure 5: Average ditference of resultant NO, between base case
and base case plus lightning NO RADM runs. Note displacement
of local maximums from those of the lightning source (Figure 4)
due partly to transport.
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Figure & RADM values for 23 day average of O, concentration
{layer 1) from July 20 to Aug 6, 1988, using basc case cmissions
without lightning NO.
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Figure 7: Average difference of (); concentration between base
case and base case with lightning NO.
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Figure 9: Maximum O, concentration for each cell as found over
the 23 day period between the base case and base case with

lightning NO cases.
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Layer 10 average O3 (ppb)
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Layer 17 average O3 {pph)
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Ramifications for Local Os

e For thisRADM simulation*, lightning NO caused average surface Os
toriseby 2 ppb. Differences were very localized. . .

e On 250 occasions, lightning NO caused Os to rise above 120 ppb.
* On 240 occasions, Oz concentrations >80 ppb increased by >10 ppb.

e On 1550 occasions, O3 concentrations >60 ppb increased by >10 ppb.

*Simulation is 216h x 33 horz grids x 38 vert grids x layer 1 = 256,608 “occasions.”



Conclusions

Across the eastern U.S. during the summer, lightning provides a highly
variable source of NO, which can be defined in space and time with
the National Lightning Detection Network (NLDN).

In a photochemical model simulation of July 19-August 13, 1988,
lightning NO accounted for 11% of total NOx emissions, raised

average surface ozone by 2 ppb, and produced a maximum increase of
33 ppb.

Recommended model refinements include more accurate NO
production rates and improved handling of the vertical distribution and
transport of lightning NO.
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